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Abstract: 
We investigate the possibility of obtaining phononic crystals using materials commonly employed in device 
micro fabrication. This study gathers the latest research on micro-phononic crystals, design techniques, 
material considerations, micro fabrication processes, characterization methods and reported devices.  
Particularly, the advantages of these crystals in the SAW device structures and their micro fabrication 
processes are highlighted. We focus our attention on the theoretical method of wave propagations in two-
dimensional phononic crystals made of cylindrical holes drilled in an active piezoelectric matrix. The first 
numerical results for the simulation of propagation of acoustic waves in a SAW device with phononic 
crystals are obtained by our work group. 
The present work provides evidence that these phononic crystals can be used in micro devices and increase 
the performance of SAW devices. 
Keywords: Phononic crystal, SAW devices 
1. Introduction  
In recent years, there has been a growing interest in studying the properties of acoustic wave propagation in 
the composite materials called phononic crystals (PhnCs), whose mass density and elastic coefficient are 
periodically arranged in space [1]. The array scans have periodicity in one direction, a layered system[2,3] 
periodicity in two directions, an array of parallel cylinders [4,5] and periodicity in three directions, an array 
of spheres with their centers at the points of a Bravais lattice[6,7]. 
The interest in these materials arises mainly because they can create complete acoustic stop bands, which are 
analogous to the photonic band gaps for optical or electromagnetic waves in photonic crystals [8,9], and may 
find many promising engineering applications, such as acoustic wave guiding, filtering and multiplexing 
[10–13].In fact, surface acoustic wave (SAW) and Lamb wave device are widely used in practice as 
detectors and sensors. So it is worthwhile to conduct more studies on this subject. 
The periodic variation of density and/or elastic constants of the structure change, in turn, the speed of sound 
in the crystal, causing the formation of a phononic band gap. The band gap center frequency, width and 
depth are determined by the size, periodicity and geometry of the lattice and by the properties of both 
background material and inclusions. Energy is transmitted through the PhnCs via an elastic wave. The 
mechanism governing the formation of the band gap is based on Bragg reflections due to the crystal 
periodicity. In general, the regularity of the arrangement of the scattering elements in the phononic crystal 
creates the Bragg reflections of the sound waves inside the crystal. The constructive or destructive 
interference of the waves creates ranges of frequencies at which waves can both propagate through and be 
blocked by the crystal. 
The dispersion of surface acoustic waves (SAW) has long been studied, applications ranging from seismic 
waves to micro electronic manufacturing. In next sections, we apply Ansys Multiphysics software for 
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finite element to investigate the possibility of propagation of elastic waves in structures and Fortran program 
for plotting the dispersion curves in  periodically structure known as surface phononic crystals (PhnCs).  
1.1 Surface acoustic wave devices with phononic crystals 
In current SAW design, the delay line is one of the most simple. It consists of a piezoelectric layer and finger 
link projections called inter digitized transducers (IDT) on top separated by a gap. The next stage of design 
for SAW devices is the creation of one, two or three dimensional structure that will allow for nonlinear 
transfer functions in the SAW propagation phase with an ability to manipulate acoustic waves. The potential 
applications of this device include performance improvement of SAW micro-sensors, front-end components 
in RF circuitries and directional receptions of high frequency acoustic waves. 
The first experimental results in manufacturing of SAW devices with PhnCs have been reported by the 
Department of Bio-industrial Mechatronics Engineering, National Taiwan University en 2005. Prof. K. Gu 
and his team have focused their attention on fabricating SAW devices with 2D phononic structures (crystal 
pores are 6.0 μm and the spacing between adjacent pores 10.0 μm ) and the aluminum IDT at micrometer 
scale [14]. They used zinc oxide as the piezoelectric layer with silicon substrate and investigated the 
phenomenon of the phononic band gap in rapport with structure parameters obtained from their simulations. 
The energy of the surface acoustic waves has obviously diminished with great attenuation when the central 
frequency was in the range of 152.46MHz to 182.20MHz. 
Another SAW device was reported a year later by S. Benchabane [15], the PhnCs was etched in the Y-cut  
Lithium Niobate single crystal with 9 µm diameter, air holes with a 10 µm unit lattice, surrounded by a pair 
of IDT’s to ensure surface wave transduction from 190 to 250 MHz.  
Recently, the PnCs were reported in the consumer wireless communication frequency using W rods in a SiO2 
medium[16]. It was shown the existence of a frequency band gaps at a center frequency of 1.4 GHz. 
In our work, the attention is directed towards the manufacture of SAW in YX-LiNbO3 PhnCs whose 
electromechanical coupling factor isΔv/v=8.5. This material will be used later in order construct a SAW 
device for bio-medical detecting. 
2. Basic formalism 
Among the existing studies, many theoretical methods, for instance, the plane wave expansion (PWE) 
method [17], the multiple scattering theory (MST) [18], the finite element method (FEM) and the finite-
difference time domain (FDTD) method [19,20], have been successfully applied to analyze the surface 
acoustic waves in PhnCs; however, it is not always a straight forward task to adapt these methods for 
phononic 2D structure problems. 
We chose to use the Finite Element Method (FEM) [21] because it requires a very dense grid of finite 
elements, producing an increase of computation time, particularly in the analysis and design of complicated 
2D photonic crystal SAW devices, although good accuracy can be achieved. FEM method typically adopts a 
relatively simple mathematical formulation of the problem such that intricacies are left to the computational 
domain: structure, material parameters and boundaries. 
2.1 Mathematical model 
Consider a phononic crystal composed of a two dimensional periodic array (x-y plane) of material A 
embedded in the background of material B (figure 1). The matrix are piezoelectric material with the highest 
symmetry (LiNbO3). In the quasi static approximation, the governing field equations of the piezoelectricity 
can be expressed by: 
       
  (1) 
where is the position vector, ) the position-dependent mass density,  
elastic stiffness tensor, ui is the solution vector containing displacements (ux and uy) and Fis the mechanical 
force.  
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Figure 1 Schematic description of a periodic 2D phononic crystal: solid circular rods embedded in a 
background of solid material with square lattice (a) and model of the phononic crystal in Ansys Multiphysics. 
2.2Modeling with Ansys Multiphysics 
In our study, we used Ansys Script to iteratively vary the structure and/or boundary conditions. In an effort 
to see the important modes, we collected many mode frequencies, typically 30 per wavelength. We then sort 
the results in post-processing steps. Ansys Multiphysics will produce many solutions given the very general 
formulation of the problem. In every SAW simulation, we resize the structure of wavelengths dimensions to 
tall and fix the bottom boundary to zero displacement: u = 0.Along the x-axis, we apply periodic boundary 
conditions. This is because we desire that the surface waves propagate parallel to the top surface, implying 
periodicity leftward and rightward. Thus the leftmost and rightmost boundaries and vertices share the state 
variables u (displacement), v (velocity) and also V (electrical potential) when appropriate. The assignment is 
shown in the following equation: 
 
      (2) 
The lattice constant, or period of structure replication along the x axis, is denoted a. Periodic boundary 
conditions were applied to all left and right boundaries and vertices. The periodic constraints were modified 
to include an additional complex exponential phase factor introducing the solution wavelength, where k = 
2π/λ. In the case of a domain uniform in the x direction, this is sufficient; the structure period equals the 
solution period. For the periodically patterned structures, where in general the structure period does not equal 
the solution period, we will show an adjustment to the equation. 
3. Results and discussion 
We are using ANSYS software package to perform a harmonic structural analysis over a square prism of 
lithium niobate material having a number of 100 holes. The model was created using APDL (Ansys Design 
Parametric Language) and it can be adapted such as to contain a variable number of holes into a square shape 
area. The simulation ran on several desktop personal computers running Ansys 12.1 on Microsoft Windows 
XP Professional with 1+ GHz 32-bit processor and 1+ GB RAM. Each iteration required about one second, 
completing a typical dispersion plot or band diagram in thirty seconds to one minute, depending on the 
number of waves (iterations). The parameters that are essential are the holes diameter, the spacing between 
holes’ centers, the depth and the length of the edge of the phononic crystal. To mesh the model we have used 
8 nodes solid element type SOLID 185 and the model has a number of 753449 nodes and 693760 elements 
and its totally symmetric in relation with the center of the phononic crystal. 
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Figure 2 Model of the phononiccrystal in AnsysMultiphysics and a detail of the central region.  
In figure 3, the eigenmodes of surface acoustic waves for two structures of PhnCs with different filling ratios 
are plotted. Holes in the structure have a diameter of 412 nm (a), respectively 654 nm (b). We observed an 
increase in the frequency band gap with increasing filling ratio of the structure. For a report of 64% it was 
obtained a frequency band gap between 180 MHz and 270 MHz (Figure 3, b). 
 
(a) 
 
(b) 
Figure 3. Dispersion curves for square lattice vaccum holes/LiNbO3 PhnCs with filling factor 49% (a) and 
64% (b). 
4. Conclusions 
We have shown the utility of Ansys Multi physics and Fortran for evaluation of surface acoustic wave 
dispersion in layered structures of anisotropic materials. In addition, we use the eigen frequency and the 
piezoelectric mode in our simulations for the anisotropic and piezoelectric materials. The first simulated 
structures were made for Lithium Niobate structures with vacuum holes and similar results were obtained 
with the bibliography. In the next steps, we will restrict the model to a quarter of the original size, taking 
advantage of the symmetry of the problem, as long as we will avoid unsymmetrical mode shapes. 
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